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TRICHLOROETHYL ESTERS AS DERIVATIVES FOR GAS 

CHROMATOGRAPHY WITH ELECTRON CAPTURE DETECTION 

Esters of 2,2,2-tricl~loroetl~anol were studied as derivatives for gas chromato- 
graphy with electron capture detection. The ester derivatives of ten model benzenoid 
carboxylic acids were prepared and characterized. Good gas chromatographic develop- 
ment. of these compounds was observed and their separation was achieved on a 3 O!JO 
OV-17 column. A rapid and quantitative esterification technique was developed for 
small scale preparation based on reaction with 2,2,2-trichloroethanol in trifluoroacetic 
anhydride. The trichloroethyl esters were found to be sensitively measured with a 
nickel-63 electron capture detector. 

INTROl3UCTION 

G as chroniatograph*\, combined with electron capture detection (GC/EC) 
provides the most sensitive method of analysis for certain organic compounds. The 
particular utility of GC/EC in the assay of many halogen-, phosphorus-, and sulfur- 
containing pesticides is well documented I-&. The sensitivitv of the EC detector, how- * 
ever, is limited to relatively few types of materials. 

One of the most intriguing applications of GC/EC has been its use \vith selected 
derivatives of compounds which would otllerwise be unsuitable for EC detection. Of 
tllese, derivatives containing halogens (especially those substituted on spkarbon 
atoms) seem to be most important from the standpoint of sensitivity. Derivatives for 
the GC/EC of carbosylic acids have been sought in the last few years. Bromo- and 
cl~lorometl~yldin~etl~ylsilyl esters have been prepared for this purpose0, however, t!ley 
suffer the disadvantage of being prone to facile hydrolysis;. KAWAHARA” made penta- 
fluorobenzyl esters for GC/EC but the derivatization methocl employed nppea.rs 
cumbersome and requires the use of a strong lachrymator. The preparation of 2-chloro- 
ethyl esters” of certain herbicidal acids has been reported though application of these 
to the GCjEC method or cletails of this work have not. been published. 

It was proposed thai a study be undertaken to determine the utility of eshrs of 
2,2,2-trichloroethanol in the GC/EC technique. 13ecause of their potentially l&l1 elec- 
tron affmlty10-12, it was anticipated that they would be sensitivily measured by EC 
detection. The preparation and gas chrdmatographic properties of the trichloroethyl 
esters of ten model benxenoid acicls are presented in this report. 
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TRICHLOROETHYLESTERS AS DERIVATIVES FOR GC/EC 315 

EXPERIMENTAL 

Materials 
The following carboxylic acids were employed: benzoic, Fisher (reagent grade) ; 

p-methoxybenzoic, Aldrich (98 %) ; 3,+dimethoxybenzoic, Aldrich (gg+ o/o) ; 3,4,5-tri- 
methoxybenzoic, Aldrich (99 %) ; phenylscetic, Aldrich (98.5 %) ; 3,4-dimethosy- 
pllenylacetic, Aldrich (99 ok) ; hippuric, Matheson (recrystallized from ethanol) ; 

p-nitrobenzoic (prepared by alkaline hydrolysis of fi-nitrobenzoyl chloride; recrystal- 
lized from ethanol) ; tmgzs-cinnamic, Aldrich (gg+ %) ; bis(;h-clilorophenyl)acetic, 
Aldrich (gg %) . 

z,z,z-Trichloroethanol, Aldrich, was redistilled. All other reagents and solvents 
were reagent grade. 

Prefiarative synthesis of triclzloroethyl sstcrs. A mixture of carboxylic acid 
(0.01: mole), 2,2,2-trichloroethanol (0.10 mole), sulfuric acid (0.2 g), and benzene (IOO- 

ISO ml) was refluxed for 48 11; water was collected in a Dean-Stark trap. The cooled 
reaction mixture was extracted with 5 o/o sodium bicarbonate, washed with water, and 
dried over anhydrous sodium sulfate. After reduction to dryness i?z vactio, the residue 
was recrystallized from ethanol or distilled at reduced pressure. Yields and charac- 
terizing data are given in Table I. 

S~~znll scale sylathcsis of tvichioroetltyl cstors. Carboxylic acids (IO mg) were reacted 
for IO min on a steam bath with IO y. 2,2,z-trichloroethanol in trifluoroacetic anhy- 
dride (I ml). With flame ionization detection, the reaction mixtures were diluted with 
ethyl acetate or qz-heptane prior to injection; yields are indicated in Table I. For EC 
detection, the trifluoroacetic anhydride was evaporated under a stream of dry air. 
The residual trichloroethanol was removed by preparing a solution in ethyl acetate 
(IOO ml) and passing the latter over a short silica gel column (20 g). The effluent was 
diluted with ethyl acetate or It-heptane for subsequent GC/EC. . ‘.... 

Rcfeemc solutions 
Reference trichloroethyl esters were submitted to GC as solutions in gz-heptane 

or ethyl acetate. 

Gas claromatografilty 
A Hewlett-Packard 575013 gas chromatogrsph equipped with flame ionization 

and nickel-63 EC detectors was used throughout. The column employed in all studies 
was a 6 ft. x 1/4 in. I.D. glass column packed with 3 o/o OV-17 on 100-120 mesh Gas- 
Chrom Q; packing and conditioning were according to DIZ I;AUBERT MAUNDER et aZ.13. 

Flame iohzation detection. The following conditions were used: injection port 
temperatures, 225” for compounds I-g, 250~ for compound IO; column temperatures, 
as indicated in Table I ; detector temperature, 275 o ; carrier gas (He) flow, 120 ml/mm 
(50 p.s.i.g.) ; hydrogen flow, 40 ml/min (13 p.s,i.g.) ; air flow, 440 ml/min (30 p.s.i.g.) ; 

range, 10 3; attenuation, IG. 
Nicfzel-63 EC detection, Temperature control was as indicated under flame 

ionization detection, except the detector temperature, which was maintained at 230~ 
(for compounds I-g) or 260~ (for compound IO). Other conditions were : carrier gas 
(Ar-CH,,: 95 :5) flow, 120 ml/min ; purge (Ar-CH,, 95 : 5) flow, 30 ml/mm; range, 10~; 
attenllation, 8; pulse interval, 50 ,usec. 

; T 
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RESULTS AND DISCUSSION 

Preparative synthesis of trichloroetltyl esters 
Initially, attempts to preparatively synthesize tricl~loroctl~yl esters were with 

the method of KUHN AND CORWIN lo. Optimum yields, however, were only achieved 
when sulfuric acid was substituted as catalyst and the molar ratio of alcohol to car- 
boxylic acid was increased to IO : I. 

Suitability of the trichloroethyl esters for, GC was investigated. Preliminary 
experiments with copper columns revealex’s’ignificant decomposition. This problem 
was generally obviated by use of a glass column. The chromatographic characteristics 
and separation of esters I-IO are shown in Fig. I. With isothermal and programmed- 
temperature development, symmetrical peaks were observed for all derivatives except 
that of hippuric acid (compound 7). In addition to its poor development, it was 
suspected that this particular compound undergoes decomposition since detector 
responses to it were consistently lower than those of the other derivatives. 
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Fig. I. S&a&ion of the trichloroethyl cstcrs of (I) bcnzoic acid, (2) ~-mctlroxyl,cnboic acid, 
(3) 3,4-climcthoxybcnzoic acid, (4) 3,4,5-trimcthoxybcnzoic acid, (3) ‘phenylacctic acid, (G) 3,4-c% 
mcthoxyphenylncetic acid, (7) hippuric acicl. (8) p-nitrobcnzoic ackl, (9) Irans-cinnamic Acid, ancl 
(IO) bis(fi-chlorophenyl)acetic adicl on EL 0 ft. x 1/4 in. 3% OV-17 on Gas-Chrom 8 coldnm; tcm- 
p’~k’:.~c:re programmed, 4.“/min from solvent front up to 250~ nncl hclcl. 3 .. ,, 

; :r. Chrotrtatogv., CI (1971) 29-34 
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Alaalytical firc;haration of tricJdoroetJz_vl esters 
Methods were sought which would provide rapid and quantitative esterification. 

Various catalysts were tried including boron trifluoride-etherate (IO y. in trichloro- 
ethanol), acetyl chloride18 (20 O/O in trichloroethanol), boron tribromide (IO o/o in tri- 
chloroethanol) , and tricl~lorometl~anesulfonyl chloride (IO oh in trichloroethanol) . In 
all instances, solutions were reacted at varying intervals: first, ai: room temperature 
and then heated at temperatures up to reflux, The extent of derivatization was moni- 
tored by GC. None of the reagents noted resulted in yields greater than 30 yo. 

A recent review of functional group reactions lo led to the studies of PARISH AND 

STOCKER on the use of trifluoroacetic anhydride in esterifications. Various combinations 
of trifluoroacetic anhydride and trichloroethanol were tried for preparation of tri- 
chloroethyl esters. Excellent and equivalent results were obtained with 10-50 O/O tri- 
chloroethanol in trifluoroacetic anhydride ; cz combination of IO oh trichloroethanol in 
trifluoroacetic anhydride was adopted for routine use since the latter reagent was 
easier to eliminate following reaction. While the reactions were relatively slow at 
room temperature, quantitative derivatization was observed for eight of the ten acids 
after ten minutes’ heating on a steam bath (see Table I). The low yield with hippuric 
acid may be due to competitive formation of z-phenyl-5-oxazolone, which is reported 
to form with acetic anhydride 21. The poor yield with $-nitrobenzoic acid may be due 
to anhydride formation, which results from ring deactivation by the nitro-functiongo. 

Since EC detectors are easily fouled by halogenated solvents/reagents, a means 
of eliminating excess trifluoroacetic anhydride and trichloroethanol was required, This 
was readily accomplished by air-evaporating the former and removing the trichloro- 
ethanol by passage over a short silica gel column. Following the latter treatment, no 
trichloroethanol could be detected by GC. 

EC detection of trichloroetttyl esters 
Most of the derivatives prepared were sensitively detected by nickel-63 EC 

detection as indicated in Table II. For all compounds except 7, linear curves (peak 

T:\BLE II 

NICKEL-63 ELECTRON CAPTURE DETECTION OF 2,2,2-TRICHLOROETHYL ESTERS 

I 

2 

3 
4 
5 
Cl 

zc 

9 
IO* 

12.5 

3.3 
2.0 
1.5 

3.9 
1.0 
- 

5.4 
2.5 
0.6 

3,x7 0.08 
0.94 0.30 
0.63 0.50 
0.62 0.56 
1.04 0.26 
0.32 1.00 
- - 

1.61 0.19 
0.70 0.40 
0.25 1.70 

~~;Attcnuation, 1o~;rnngc,8;pulscinterval,~o~~scc; clctcctortcmpcrnturc, 230"; Carrierflow, 
120 m!/min; purge, 30 ml/min ; columri tempcraturc, see Table I, 

b.Xmount of compound giving two times the noise level. ’ . 
9 Yl~Owecl no response up to IO nl:; al~p:wcntly due to clccoml~ositiou on column. ,,,: ; ,f 
d 3:ktector tcmpcraturc, 2600. e.9 :,;y:,; 

.I J. CliYO?llntUgV., CI (1971) 29-s. 
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height or disc integration VS. amount chromatographed) were produced in the range 2 
to IO ng. The detection limits are with instrumental conditions yielding very low noise 
levels (equivalent to pen deflections of 0.5 mm or less). Since the various derivatives 
were developed at different column temperatures and some possessed different peak 
characteristics, extensive deductions from the data in Table II regarding relative elec- 
tron capture affinities may not be valid. However, it seems reasonable to note that the 
relatively close detection responses for these compounds suggest a common capture 
mechanism, most likely based on the trichloromethyl group of the common ester 
function. 

Because of their favorable GC/EC,properties, trichloroethyl esters should have 
value in the analysis of minute amounts of carboxylic acids in biological fluids, Their 
application to a number of biomedical problems is currently being pursued in these 
laboratories. 
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